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electron beam is provided. The electronic pasteurization 
system (20) may comprise a module accelerator (22a), a 
module electron beam transport system (24a), and at least 
one treatment station (26). The module accelerator (22) 
produces a plurality of independent electron beams (28). The 
module electron beam transport system (24a) communicates 
the electron beams (28) to the treatment stations (26). A 
target (30) is irradiated With the electron beam (28) Within 
the treatment station (26). 
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METHOD AND SYSTEM FOR ELECTRONIC 
PASTEURIZATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority under 35 U.S.C. §119(e) 
to provisional application No. 60/074,540, ?led Feb. 12, 
1998. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the ?eld of irradiation 
systems, and more particularly to a method and system for 
electronic pasteurization. 

BACKGROUND OF THE INVENTION 

Irradiation involves exposing a target to an ionizing 
radiation to change the microbiology of the target. Irradia 
tion is an effective method for killing micro organisms and 
insects in foods, extending the shelf life of various foods, 
and steriliZing medical products. Irradiation is particularly 
suited for treating food, such as meat, to kill food-borne 
pathogens, such as E. Coli, Trichinosis, Salmonella, 
Yersinia, Campylobacter, Shigella, and the like. TWo char 
acteristics determine the effectiveness of an irradiation 
treatment—the dose, Which is the total beam energy deliv 
ered per mass of food; and the penetration depth, Which is 
the maximum depth into the food to Which the dose is 
delivered. The penetration depth is a property of the ioniZing 
radiation that is used for irradiation. Food irradiation typi 
cally requires a dose of about 300,000 rads to achieve a 
statistical kill of the pathogenic bacteria. 

Conventional irradiation systems utiliZe one of three 
methods to produce the ioniZing radiation. y-ray irradiation 
systems produce y-rays from radioactive sources, typically 
C060. X-ray irradiation systems produce X-rays by targeting 
an electron beam, on the order of 5 MeV, on a metal target 
Which produces X-rays. Conventional electron beam irra 
diation systems produce a high-energy electron beam, typi 
cally on the order of 10 MeV energy, and deliver it directly 
into the food. The y-ray irradiation systems and X-ray 
irradiation systems deliver a deep penetration, on the order 
of 30 centimeters into food, but require immense shielding 
assemblies, on the order of 3 meters thick of concrete, for 
safe operation. Conventional electron beam irradiation sys 
tems deliver less penetration, on the order of 7 centimeters 
in food, but require someWhat less shielding, on the order of 
2 meters of concrete. 

Conventional electron beam irradiation systems generally 
include an accelerator, a beam transport system, and a 
treatment station. Speci?cally, the accelerator produces an 
electron beam Which is communicated to the treatment 
station by the beam transport system. Within the treatment 
station, the electron beam is scanned to deliver a uniform 
dose as the target passes through the treatment station. The 
higher the energy of the electron beam, the greater the depth 
that the electron beam can penetrate the target and deliver 
the required dose of ioniZing radiation. 

Conventional electron beam irradiation systems have 
many disadvantages. For example, conventional electron 
beam irradiation systems are inef?cient, in that the electron 
beam scans across a speci?c area Within the treatment 

station, but in many applications, the target covers only a 
fraction of the scanned area. The utiliZation ef?ciency, 
de?ned as the fraction of electron beam actually delivered to 
target, is typically less than 30% in conventional electron 
beam irradiation systems. 
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2 
As Will be discussed beloW, conventional electron beam 

irradiation systems are extremely expensive due to the 
technical disadvantages of conventional accelerators, beam 
transport systems, and treatment stations. Conventional 
electron beam irradiation systems often utiliZe a radio 
frequency linear accelerator (LINACS) to produce an elec 
tron beam. LINACS operate by producing a high-intensity 
electric ?eld Within a series of cylindrically symmetric 
resonant cavity. The electron beam is passed along the axis 
of the cavities, Where it is both accelerated to increase its 
energy and focussed to con?ne the beam transversely. A 
technical disadvantage of LINACS is that only a single 
electron beam can be produced, because the beam must pass 
along the axis of the cavities. For food irradiation 
applications, a typical food processing operation has mul 
tiple parallel processing lines, and thus requires multiple 
parallel treatment stations for irradiation. Since each con 
ventional electron beam irradiation system can produce only 
one beam, the expense of multiple stations Would be 
extremely high. 

Another technical disadvantage of conventional accelera 
tors is that they are expensive to build and do not operate 
ef?ciently. Conventional high energy accelerators typically 
cost on the order of $5,000,000 to $7,000,000, and operate 
at only 30—70 percent ef?ciency. 

Conventional beam transport systems generally utiliZe 
electromagnets to transport the electron beam from the 
accelerator to the treatment station. The electromagnets 
generate a magnetic ?eld based on the pattern of electrical 
currents that How through the electromagnet. Conventional 
beam transport systems generally use dipole and quadrupole 
electromagnets. The dipole electromagnet produces a uni 
form magnetic ?eld in the region traversed by the beam and 
thereby bends the electron beam on a constant radius of 
curvature. The quadrupole electromagnet produces a distri 
bution of magnetic ?eld that increases linearly With distance 
from the beam axis, and focuses the beam to con?ne it along 
the direction of transport. A technical disadvantage of con 
ventional beam transport systems is that the electromagnets 
require an active electrical poWer system along the entire 
length of the beam transport system. The electrical poWer 
system adds complexity and cost to conventional beam 
transport systems, particularly in food irradiation applica 
tions Where it may be advantageous to locate the accelerator 
in one location and deliver beams to multiple treatment 
stations at locations distributed throughout a large facility. 

Conventional treatment stations include electro-optics 
that scan the electron beam transversely to illuminate the 
scan area, as Well as shielding to prevent harmful levels of 
radiation from escaping the treatment station. Conventional 
electro-optics direct the electron beam to the outer surfaces 
of the target. A technical disadvantage of conventional 
electro-optics is that the internal cavities cannot readily be 
irradiated With the electron beam unless the beam energy is 
suf?ciently high to penetrate the entire thickness of the 
target. High energy electron beams necessitate the use of 
heavy shielding to protect operating personnel. 

Conventional irradiation systems must be housed in a 
structure that shields the intense ioniZing radiation so that 
the system can be operated safely in a food processing plant. 
Regulatory agencies generally require the dose of ioniZing 
radiation to be reduced to a level commensurate With the 
radiation dose a person Would naturally receive from cosmic 
rays and natural radioactivity, Which is less than 0.0001 rads 
per year. In order to reduce the dose of ioniZing radiation to 
acceptable levels, the thickness of the shielding in conven 
tional irradiation systems typically exceeds three meters, 
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and is often on the order of 5 meters. In addition, the 
shielding must include a labyrinth having a similar thickness 
through Which the target is transported in an out of the 
treatment station. A typical conventional irradiation system 
occupies an area of about 200 m2, Which makes it dif?cult 
to integrate into the existing process lines of a food pro 
cessing plant. 

The technical disadvantage of heavy shielding is that the 
treatment station often becomes a separate shielded facility 
that cannot be integrated into large in-line food processing 
applications. Another technical disadvantage is that the 
separate shielded facility creates a processing bottleneck, in 
that all targets must pass through this one facility. 
Furthermore, the capital costs associated With constructing 
the shielded facility often eXceed the cost of the accelerator. 
As a result of the construction costs and operating 

expenses, as Well as the safety issues associated With con 
ventional irradiation systems, conventional irradiation sys 
tems have not generally been commercially implemented in 
large scale food treatment applications. 

SUMMARY OF THE INVENTION 

Accordingly, a need has arisen for an improved irradiation 
system. The present invention provides a method and system 
for electronic pasteuriZation that substantially reduces or 
eliminates problems associated With prior systems and meth 
ods. 

In accordance With one embodiment of the present 
invention, an electronic pasteuriZation system is provided. In 
accordance With one embodiment of the present invention, 
a modular accelerator is provided. In another embodiment of 
the present invention, a modular beam transport system is 
provided. In yet another embodiment of the present 
invention, a labyrinth treatment station is provided. In a 
further embodiment of the present invention, a multilayer 
shielding system is provided. 

In one embodiment of the electronic pasteuriZation 
system, the electronic pasteuriZation system comprises a 
modular accelerator, at least one treatment station, and a 
modular beam transport system. In another embodiment, the 
electronic pasteuriZation system comprises a modular 
accelerator, at least one treatment station, and a beam 
transport system. In another embodiment, the electronic 
pasteuriZation system, includes a modulation control sys 
tem. In yet another embodiment, the electronic pasteuriZa 
tion system comprises an accelerator, a treatment station that 
includes a multilayer shielding system, and a beam transport 
system. In a further embodiment, the electronic pasteuriZa 
tion system comprises an accelerator, at least one treatment 
station, and a modular beam transport system. 

In one embodiment of the modular accelerator, the modu 
lar accelerator can produce a plurality of electron beams. In 
another embodiment of the modular accelerator, the modular 
accelerator comprises a plurality of poWer assemblies, 
Wherein each poWer assembly supplies an isolated poWer to 
the neXt successive poWer assembly. In yet another embodi 
ment of the modular accelerator, each electron beam pro 
duced by the modular accelerator can be individually modu 
lated. In another embodiment, the modular accelerator 
includes a dry dome. In yet another embodiment, the modu 
lar accelerator includes an accelerator column having a 
casing. 

In one embodiment of the treatment station, the treatment 
station includes a multilayer shielding system. In another 
embodiment, the treatment station comprises a labyrinth 
structure. In another embodiment, the treatment station 
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4 
includes a stub probe. In another embodiment, the treatment 
station continuously processes patties. In yet another 
embodiment, the treatment station continuously processes a 
thin sheet target. 

In one embodiment of the modular beam transport 
system, the modular beam transport system comprises a 
bending block. In another embodiment, the modular beam 
transport system comprises a focusing block. In a further 
embodiment, the modular beam transport system comprises 
permanent magnets. 

The electronic pasteuriZation system provides many tech 
nical advantages. For eXample, multiple treatment stations 
can be operated simultaneously from a single modular 
accelerator. Accordingly, the cost of the electronic pasteur 
iZation system is signi?cantly reduced and it is easier to 
integrate the electronic pasteuriZation system into large scale 
food operations. 

Another technical advantage of the electronic pasteuriZa 
tion system is that each electron beam can be independently 
modulated to only eXpose the target the electron beam. 
Accordingly, the operational ef?ciency of the electronic 
pasteuriZation system is increased. In addition, modulation 
reduces the level of shielding required in the treatment 
station. Accordingly, the treatment station is signi?cantly 
smaller, and can be easily integrated into eXisting food 
processing facilities. 
A technical advantage of the modular accelerator is that 

the poWer of the modular accelerator can be scaled to suit the 
particular application Without incurring signi?cant design 
costs. Another advantage of the modular accelerator is that 
the modular accelerator can produce multiple independent 
electron beams. Accordingly, a single modular accelerator 
can support multiple treatment stations simultaneously. 
A technical advantage of the modular beam transport 

system is that a poWer system is not required. In addition, the 
modular beam transport system is easy to construct, and 
requires minimal maintenance. Another advantage of the 
modular beam transport system is that multiple electron 
beams can be transported simultaneously. 
A technical advantage of the treatment station is the 

multilayer shielding system. The multilayer shielding sys 
tem provides the same amount of radiation protection as 
conventional shielding that is signi?cantly thicker. 
Accordingly, the siZe of the treatment station is much 
smaller than conventional treatment stations. 

Another technical advantage of the treatment station is the 
labyrinth structure. The labyrinth structure alloWs continu 
ous processing of the targets through the treatment station. 
Accordingly, treatment stations can support large scale food 
production operations. 

Other technical advantages Will be readily apparent to one 
skilled in the art from the folloWing ?gures, descriptions, 
and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion and the advantages thereof, reference is noW made to 
the folloWing description taken in conjunction With the 
accompanying draWings, Wherein like referenced numerals 
represent like parts, in Which: 

FIG. 1A is a schematic draWing illustrating an electronic 
pasteuriZation system in accordance With the present inven 
tion; 

FIG. 1B is a schematic draWing illustrating the operation 
of a modulation control system in accordance With the 
present invention; 
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FIG. 2A is a schematic side vieW drawing With portions 
broken away illustrating a modular accelerator in accor 
dance With the present invention; 

FIGS. 2B and 2C are rotated schematic side vieW draW 
ings illustrating a poWer system as shoWn in FIG. 2A in 
accordance With the present invention; 

FIG. 2D is an electrical schematic draWing illustrating the 
poWer system as shoWn in FIG. 2A in accordance With the 
present invention; 

FIG. 2E is a cross sectional draWing illustrating an 
accelerator column taken along line 2E—2E of FIG. 2A in 
accordance With the present invention; 

FIG. 2F is a cross sectional draWing illustrating the 
accelerator column taken along line 2F—2F of FIG. 2A in 
accordance With the present invention; 

FIG. 3A is a schematic draWing illustrating a modular 
beam transport system in accordance With the present inven 
tion; 

FIG. 3B is a perspective draWing illustrating a bending 
module as shoWn in FIG. 3A in accordance With the present 
invention; 

FIG. 3C is a cross sectional draWing illustrating a bending 
block as shoWn in FIG. 3B in accordance With the present 
invention; 

FIG. 3D is a perspective draWing illustrating a focusing 
module as shoWn in FIG. 3A in accordance With the present 
invention; 

FIG. 3E is a cross sectional draWing illustrating a focusing 
block as shoWn in FIG. 3D in accordance With the present 
invention; 

FIG. 4 is a cross sectional draWing illustrating a multi 
layer shielding system in accordance With the present inven 
tion; 

FIG. 5 is a schematic side vieW draWing illustrating a 
treatment station for treating patty targets in accordance With 
the present invention; 

FIG. 6A is a schematic side vieW draWing illustrating a 
treatment station for treating sheet targets in accordance 
With the present invention; 

FIG. 6B is a perspective vieW of a sheet target processing 
system in accordance With the present invention; 

FIG. 7A is a perspective vieW of a treatment station using 
an stub probe in accordance With the present invention; and 

FIG. 7B is a cross sectional vieW of the stub probe shoWn 
in FIG. 7A in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIGS. 1A through 7B illustrate various aspects of an 
electronic pasteuriZation system. The electronic pasteuriZa 
tion system comprises an improved accelerator, an improved 
beam transport system, and improved treatment stations for 
electron beam irradiation of a target. As described in greater 
detail beloW, the electronic pasteuriZation system and each 
individual component of the electronic pasteuriZation sys 
tem include various distinct inventive aspects that are 
improvements over conventional electron beam irradiation 
systems. For example, the construction costs associated With 
the electronic pasteuriZation system are much less expensive 
than conventional irradiation systems. In addition, the elec 
tronic pasteuriZation system may employ a modulation 
control system to modulate the electron beam such that an 
electron beam is produced only When a target is to be 
irradiated. The improved accelerator is less expensive than 
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conventional accelerators and operates at greater than 95% 
ef?ciency. In addition, the improved accelerator can deliver 
multiple independent electron beams, Which alloWs multiple 
treatment stations to be operated from a single accelerator. 
The improved beam transport system utiliZes permanent 
magnets that do not require an active control system. 
Speci?cally, once the beam transport system has been 
aligned, no additional Work or control systems are necessary. 
In addition, the improved transport system can communicate 
multiple electron beams from the accelerator to multiple 
treatment stations Which are distributed Within a food pro 
cessing facility. The improved treatment station utiliZes a 
tWo-layer shielding system that substantially reduces the 
thickness of the shielding. In particular, the tWo-layer shield 
ing system can reduce the thickness of the shielding by a 
factor of approximately 5. The improved treatment station 
may also utiliZe various labyrinth systems to contain the 
radiation. Speci?cally, treatment stations that effectively 
irradiate food patties and chubs are disclosed. In addition, an 
internal probe for irradiating the internal surfaces of a 
carcass, such as a chicken, is disclosed. 
The various inventive aspects are illustrated in terms of an 

electronic pasteuriZation system used for electron beam 
irradiation of food products. It Will be appreciated that the 
electronic pasteuriZation system may be otherWise suitably 
used Without departing from the scope of the present inven 
tion. For example, the electronic pasteuriZation system may 
be used to steriliZe medical supplies, as Well as to steriliZe 
insects for insect control programs. It Will also be appreci 
ated that the individual inventive aspects may be otherWise 
suitably used Without departing from the scope of the 
present invention. For example, the accelerator includes 
several inventive aspects that can be bene?cially imple 
mented in other accelerators. 

FIG. 1A is a schematic diagram illustrating one embodi 
ment of an electronic pasteuriZation system 20. In this 
embodiment, the electronic pasteuriZation system 20 com 
prises an accelerator 22, a beam transport system 24, and at 
least one treatment station 26. The accelerator 22 produces 
at least one electron beam 28. The electron beam 28 is 
communicated by the beam transport system 24 to the 
treatment station 26. A target 30 travels through the treat 
ment station 26 and is irradiated With the electron beam 28. 

Irradiation is an effective means for killing bacterial 
pathogens and other micro organisms, insects, molds, and 
the like, as Well as extending the shelf life of various foods, 
such as fruits and vegetables. Irradiation operates by deliv 
ering a speci?c dose of ioniZing radiation, i.e., electrons, to 
the target 30. The dose of ioniZing radiation is determined by 
the application. For example, a loW dose of ioniZing radia 
tion may be used to steriliZe insects for insect control 
programs; a midlevel dose of ioniZing radiation may be used 
to extend the shelf life of various foods; and a high dose of 
ioniZing radiation may be used to kill pathogens in meat 
products. 

The preferred embodiment of the electronic pasteuriZa 
tion system 20 utiliZes the electron beam 28 to irradiate 
multiple surfaces of the target 30. Irradiating multiple. 
surfaces of the target 30 reduces the depth that the electron 
beam 28 must penetrate the target 30 in order to deliver the 
appropriate dose of ioniZing radiation. Accordingly, the 
energy level of the electron beam 28 is similarly reduced. 
Conventional electron beam irradiation systems generally 
produce an electron beam 28 having a high energy level that 
can achieve deep penetration, on the order of 30 centimeters, 
into the target 30. A high energy electron beam 28 requires 
a high energy and expensive accelerator, as Well as a 
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treatment station that requires extensive shielding to protect 
operating personnel from the high radiation levels. Reducing 
the required energy level by irradiating multiple surfaces of 
the target 30 minimizes the cost of the accelerator and the 
level of shielding required in the treatment station 26. 
Accordingly, an electronic pasteuriZation system 20 having 
treatment stations 26 that irradiate multiple surfaces of the 
target 30 is less expensive and minimiZes the radiation risks 
to operating personnel, as compared to conventional elec 
tron beam irradiation systems. 

The preferred embodiment of the accelerator 22 com 
prises a modular accelerator 22a, described beloW in FIGS. 
2A—2F. The modular accelerator 22a may be con?gured to 
produce multiple independent electron beams 28. In 
particular, the modular accelerator 22a may produce ten or 
more independent electron beams 28. Each electron beam 28 
can be communicated to a separate treatment station 26. In 
contrast, conventional accelerators produce only a single 
electron beam. Thus, conventional electron beam irradiation 
systems require a dedicated accelerator for each treatment 
station 26, Which substantially increases the cost and siZe of 
conventional electron beam irradiation systems, as Well as 
making it extremely difficult to integrate conventional elec 
tron beam irradiation systems into existing food processing 
operations. Accordingly, an electronic pasteuriZation system 
20 utiliZing the modular accelerator 22a is substantially less 
expensive and easier to integrate into existing food process 
ing operations than conventional electron beam irradiation 
systems. 

In addition, the modular accelerator 22a can easily be 
scaled to provide different electron beams 28 at different 
poWer levels. Different applications utiliZe electron beams 
28 having different poWer levels. For example, medical 
irradiation applications generally require a threshold poWer 
level of 5 kW. Chicken irradiation applications generally 
require a threshold poWer level of 50 kW. The modular 
accelerator 22a easily accommodates the different poWer 
levels Without substantially altering the existing components 
or needing expensive accelerator redesign efforts. 

The preferred embodiment of the beam transport system 
24 comprises a modular beam transport system 24a, 
described beloW in FIGS. 3A—3C. The modular beam trans 
port system 24a communicates the electron beams 28 using 
permanent magnets. In particular, the modular beam trans 
port system 24a utiliZes dipole and multipole permanent 
magnets to communicate and focus the electron beam 28. 
Once properly aligned, the modular beam transport system 
24a requires little maintenance. In addition, the modular 
beam transport system 24a is relatively easy to construct and 
can be installed in nearly any location, such as the roof of an 
existing facility. Conventional beam transport systems gen 
erally utiliZe electromagnets for communicating and focus 
ing the electron beam 28. Electromagnetic beam transport 
systems require active control systems to continuously 
maintain control of the electron beam 28 by precisely 
controlling the electrical current through each electromag 
net. As a result of the complexity and reliance on electrical 
systems, conventional beam transport systems are often 
prone to failure and are expensive to maintain. Accordingly, 
an electronic pasteuriZation system 20 utiliZing the modular 
electron beam transport system 24a is less expensive to 
construct and maintain than conventional beam transport 
systems. 

The preferred embodiment of the treatment station 26 
includes a multilayer shielding system 200, described beloW 
in FIG. 4. The multilayer shielding system 200 is substan 
tially thinner than conventional shielding for a given radia 
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tion shielding level. The reduced thickness of the multilayer 
shielding system 200 alloWs the treatment station 26 to be 
substantially smaller in siZe and cost less to construct than 
conventional treatment stations. As a result, treatment sta 
tions 26 incorporating the multilayer shielding system 200 
can easily be integrated into in-line food processing opera 
tions. Accordingly, an electronic pasteuriZation system 20 
having a treatment station 26 that includes the multilayer 
shielding system 200 is less expensive to construct and has 
reduced radiation safety haZards as compared to conven 
tional electron beam irradiation systems. 

Referring to FIG. 1, the electronic pasteuriZation system 
20 preferably includes a modulation control system 32. The 
modulation control system 32 comprises a detector system 
34 and a logic control system 36. As Will be described in 
greater detail beloW, the modulation control system 32 turns 
“on” the electron beam 28 only When the target 30 is 
correctly positioned Within the treatment station 26. The 
modulation control system 32 operates in conjunction With 
the accelerator 22 and the treatment station 26 to modulate, 
or turn “on” and turn “off,” the electron beam 28 at the 
appropriate point. The accelerator 22 must be capable of 
producing a modulated electron beam 28. Conventional 
accelerators 22 generally do not alloW for modulation. 
Accordingly, the preferred embodiment of the accelerator 22 
alloWs the electron beam 28 to be modulated. 
The detector system 34 detects the position of each target 

30. In one embodiment, as illustrated in FIG. 1, the detector 
system 34 comprises a digital camera system that commu 
nicates the siZe and location of each target 30 to the logic 
control system 36. It Will be understood that the detector 
system 34 may comprise any suitable system for determin 
ing When the electron beam should be modulated such that 
only the target 30 is exposed to the electron beam 28. For 
example, the detector system 34 may comprise a LED sensor 
array that detects the outline of each target 30 as each target 
30 passes over the LED sensor array. The detector system 34 
may also comprise an electron detector that detects When the 
electron beam 28 is not engaging the target 30. 
The logic control system 36 determines the on and off 

timing sequence for the electron beam 28 such that the 
electron beam 28 scans across the entire surface of the target 
30. The timing sequence is based on the information 
received from the detector system 34. As described in 
greater detail beloW, the process of the electron beam 28 
scanning across the target 30 is analogous to the operation 
of a television picture tube. 

FIG. 1B is a schematic draWing illustrating the operation 
of the modulation control system 32. Anumber of targets 30, 
illustrated as food patties, are shoWn on a conveyer system 
38. The conveyer system 38 is shoWn moving from left-to 
right. As the targets 30 move on the conveyer system 38, the 
electron beam 28 scans across the surface of each target 30. 
The electron beam 28 is turned “on” by the logic control 
system 36 When the electron beam 28 Will contact the target 
30, and the electron beam 28 is turned “off” When the 
electron beam 28 Will not contact the target 30. 
The operation of the modulation control system 32 is 

analogous to the operation of a television picture tube. In the 
case of a television picture tube, an individual electron beam 
continuously scans horiZontal lines across the picture tube at 
a very fast speed. The electron beam strikes a light emitting 
material on the back of the picture tube. The amount of light 
emitted by the material depends upon the intensity of the 
electron beam striking the material. In this manner, a picture 
can be produced by varying the intensity of the electron 
beam as it scans across the face of the picture tube. 
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In a similar manner, the modulation control system 32 
modulates the electron beam 28 such that the electron beam 
28 is “on” only When a surface of the target 30 Will be 
impinged by the electron beam 28. In contrast, conventional 
electron beam irradiation systems are not modulated and the 
electron beam 28 remains operational at all times. Thus, the 
electron beam 28 continuously operates even When scanning 
over the empty areas betWeen the targets 30. Accordingly, 
When the electron beam 28 is not contacting the target 30, 
the shielding of the treatment station 26 must absorb the 
entire energy of electron beam 28. 

The modulation control system 32 increases the operating 
ef?ciency of the electronic irradiation system 20 by decreas 
ing the percentage of time that the electron beam 28 is not 
striking the target 30. In addition, the electronic pasteuriZa 
tion system 20 is operationally safer and may not require as 
much shielding because the electron beam 28 is operating 
for a shorter length of time and the shielding is only required 
to absorb scatter radiation from the target 30 instead of the 
entire energy of the electron beam 28. 

The electronic pasteuriZation system 20 has been 
described With reference to several preferred embodiments. 
It Will be appreciated that each of the preferred embodiments 
may be incorporated independently or in any suitable com 
bination into the electronic pasteuriZation system 20. For 
eXample, a conventional accelerator 20 and beam transport 
system 24 may be used in conjunction With the preferred 
embodiment of the treatment station 26. In this eXample, 
signi?cant cost reductions Will be realiZed due to reduced 
costs associated With the treatment station 26 and the ability 
to directly integrate the treatment station 26 into large scale 
food processing operations. 

FIG. 2A is a side vieW of a schematic draWing of a 
modular accelerator 22a. In this embodiment, the modular 
accelerator 22a comprises a poWer system 50 and an accel 
erator column 52 disposed Within a shell 54. As Will be 
discussed in greater detail beloW, the poWer system 50 
produces a voltage differential across the length of the 
accelerator column 52, Which accelerates the electron beam 
28. 

The shell 54 comprises a loWer shell section 56a and an 
upper shell section 56b that are assembled at a sealed joint 
58. The shell sections 56a and 56b can be separated at the 
sealed joint 58 to provide access to the poWer system 50 and 
the accelerator column 52. An insulating media 60 is dis 
posed Within the shell 54 and operates to cool the poWer 
system 50. The insulating media 60 generally comprises an 
insulating transformer oil, such as DIAZATM. The shell 54 
also includes a vent 61 disposed in the upper shell section 
56b that alloWs the insulating media 60 to thermally expand 
and contract during operation of the modular accelerator 
22a. 

A dry dome 62 may be disposed Within the shell 54. The 
dry dome 62 generally surrounds the upper portion of the 
accelerator column 52 and provides a dry environment 
separate from the insulating media 60. An electronics pack 
age 64 as Well individual components of the accelerator 
column 52 are contained Within the dry dome 62. A second 
insulating media 66 is preferably disposed Within the dry 
dome 62. The second insulating media 66 operates to cool 
the electronic components Within the dry dome 62. In one 
embodiment, the second insulating media 66 comprises the 
gas sulfur heXa?uoride at ambient pressure. Conventional 
accelerators do not provide a separate compartment for the 
electronics package 64. In particular, the electronics package 
64 is generally immersed in the insulating media 60, Which 
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10 
degrades the performance of the electronics package 64. 
Maintaining the electronics package 64 in the second insu 
lating media 66, instead of the insulating media 60, increases 
the performance and life eXpectancy of the electronics 
package 64. 

The poWer system 50 comprises a guard ring assembly 68 
surrounding one or more poWer assemblies 70. Each poWer 
assembly 70 produces a sequence of voltages 72 that are 
applied to the accelerator column 52 to produce a high 
intensity electrical ?eld for accelerating the electron beam 
28. The guard ring assembly 68 grades, or smooths, the 
electrical potential created by the poWer assemblies 70 to 
effectively prevent electrical breakdoWn of the insulating 
media 60. 

FIGS. 2B and 2C are rotated side vieWs of the schematic 
draWing of the poWer system 50, and FIG. 2D is an electrical 
schematic draWing of the poWer system 50. Referring to 
FIGS. 2A, 2B, 2C, and 2D, the poWer system 50 is shoWn 
With a ?rst, second, and third poWer assembly, 70a, 70b, and 
70c, respectively. As described in greater detail beloW, each 
poWer assembly 70 is con?gured to produce on the order of 
600 kV. It Will be appreciated that each poWer assembly 70 
may be recon?gured by one skilled in the art to produce a 
higher or loWer increment of poWer. For example, as 
described in greater detail beloW, reducing the number of 
Windings in the transformer Will reduce the incremental 
voltage produced by the poWer assembly 70. Accordingly, 
the incremental voltage produced by each poWer assembly 
70 can be con?gured for the application. 
The number of poWer assemblies 70 incorporated into the 

modular accelerator 22a depends upon the application. For 
eXample, in the con?guration illustrated, each poWer assem 
bly 70 produces a voltage differential on the order of 600 kV, 
and the combination of the three poWer assemblies 70 
produces a voltage differential on the order of 1.8 MV. TWo 
poWer assemblies 70 Would produce on the order of 1.2 MV, 
four poWer assemblies 72 Would produce on the order of 2.4 
MV, and so on. The number of poWer assemblies 70 that can 
be combined is generally limited by electrical breakdoWn of 
the insulating media 60, Which is on the order of 2,500,000 
V. The ability to easily con?gure the poWer rating of the 
modular accelerator 22a reduces the design and construction 
costs associated With the modular accelerator 22a. 

In the embodiment illustrated in FIGS. 2B and 2C, each 
poWer assembly 70 comprises a 3-phase A-Y transformer 
72, a number of recti?ers 74, and a number of ?lter capaci 
tors 76. As illustrated the 3-phase transformer 72 includes 
three coil assemblies 78, With each coil assembly 78 having 
a number of Windings 80 surrounding a laminated steel core 
82. Each coil assembly 78 comprises a primary Winding 80a, 
a house poWer Winding 80b, and at least one high-voltage 
Winding 80c. Generally, each coil assembly 78 also includes 
three secondary high-voltage Windings 80d, 80c, and 80f. 
The Windings 80 are each Wound one upon the other, With 
a layer of electrical insulation (not eXpressly shoWn), such as 
KAPTONTM or an equivalent insulative material, separating 
adjacent coils Within the coil assembly 78 to provide high 
voltage insulation. 

In general, an input AC voltage 79 is applied to the 
primary Winding 80a of each coil assembly 78. Generally, 
the three-phase input voltage is 480 V. The primary Winding 
80a of each coil assembly 78 are connected in a A 
con?guration, in Which the leads of the three primary 
Windings 80a are interconnected to form a closed circuit. 

Each high-voltage Winding 80c has N times more turns 
than the primary Winding 80a. Consequently, each high 
















